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Stimulation of amino acid transport by insulin in the 
isolated rat diaphragm* 

I n su l i n  has  been found to  s t i m u l a t e  the  inco rpora t ion  of glycine,  L-phenyla lan ine  z and  L-alanine ~ 
in to  p ro te ins  of t he  i so la ted  r a t  d i aph ragm.  I t  is no t  k n o w n  w h e t h e r  th is  response  is secondary  to  
an  acce le ra ted  r a t e  of amino  acid t r a n s p o r t  or to  a d i rec t  s t i m u l a t i o n  of p ro t e in  syn thes i s .  In  order  
to  t e s t  the  former  poss ib i l i ty ,  a non-u t i l i zab le  amino  acid ana logue  ~, a - a m i n o i s o b u t y r i c  acid (AIB), 
has  been se lected as a mode l  w i th  which to  s t u d y  amino  acid p e n e t r a t i o n  in to  ske le t a l  muscle.  

A I B  label led  wi th  14C in the  ca rboxv l  group,  w i t h  a specific a c t i v i t y  of 4.2" lO 8 coun t s / m i n /  
mmole ,  was  syn the s i z e d  by  the  m e t h o d  of N O A L L  A N D  C H R I S T E N S E N  4. The ra t e  o~ in t r ace l lu l a r  pene- 
t r a t i o n  was  d e t e r m i n e d  by  i n c u b a t i n g  an " i n t a c t "  d i a p h r a g m  prepa ra t ion ,  the  cha rac te r i s t i c s  of 
which  h a v e  been descr ibed  by  KIPNIS A N D  C O R I  I~, for va r ious  t i m e  per iods  in vo lumes  of buffer suffi- 
c i en t l y  large to  p e r m i t  the  e x t e r n a l  concen t r a t i on  of amino  acid to  r ema in  cons tan t .  Control  experi-  
m e n t s  showed  t h a t  A I B  was  no t  i nco rpora t ed  in to  the  p ro t e in  or l ipid f rac t ion  of r a t  d i a p h r a g m  or 
ox id ized  to  COz. F r o m  95 to  ioo  % of the  r a d i o a c t i v i t y  o r ig ina l ly  added  was  recovered af ter  
severa l  hours  of i ncuba t ion .  To ta l  t i s sue  r a d i o a c t i v i t y  can be e x t r a c t e d  by  g r ind ing  the  d i a p h r a g m  
in 5 % t r i ch lo roace t i c  ac id  or 0,008 M acet ic  acid. C h r o m a t o g r a m s  of these  e x t r a c t s  showed t l )a t  
al l  of t he  r a d i o a c t i v i t y  was  con t a ined  in  one spo t  which  coincided w i t h  a u t h e n t i c  AIB.  P e n e t r a t i o n  
was  m e a s u r e d  in  d i a p h r a g m s  o b t a i n e d  f rom fed and fas ted an i ma l s  in t he  presence  and  absence 
of glucose and  insul in .  

The resu l t s  are  shown in Figs.  I and  2 where  the  ra t io  of c o u n t s / m i n / m l  in t r ace l lu l a r  w a t e r  
to c o u n t s / m i n / m l  i n c u b a t i o n  m e d i u m  is p lo t t e d  a g a i n s t  t i m e  of incuba t ion .  Insu l in  produces  a 
three-  to  five-fold increase  of the  r a t e  of amino  acid p e n e t r a t i o n  in bo th  the  fas ted  and non- fas ted  
p r e p a r a t i o n  in the  presence or absence  of glucose. The  d i e t a ry  s t a t u s  also m a r k e d l y  influences the  
A I B  pene t r a t i on ,  be ing twice  as r ap id  in the  d i a p h r a g m s  of 72-h fas ted  r a t s  t h a n  in those  of non- 
fas ted  ra ts .  Glucose, in a mo la r  ra t io  to  A I B  of 300 to  I, r e su l t ed  in a 3 ° % decrease in the  ra te  of 
p e n e t r a t i o n  in the  presence  and absence  of added  insulin.  Unde r  the  e x p e r i m e n t a l  condi t ions  
employed ,  A I B  was  c onc e n t r a t e d  in t r ace l lu l a r ly  a ga i n s t  a concen t r a t i on  g rad ien t .  Since the  per iods  

N O N - F A S T E D  

2.0 

o '5  
~ 1,6 

L E 
_o c 
D O 

o o 
o 

°" f 
o . ,  

o 

o ,o %0 6'0 ,~o 
M i n u t e s  

3.2 

L E ~1 2 z . 8  

L E 2 . 4  

0 C 
~_1o 
- - ' -  2 .0  

~1  u 1.6 K i t  

\1~  ~.~ 
c ._ 

) ~  0.8 
olO 
o '~ 0 .4  

FASTED 7,2 H 

I0 3 0  6 0  

M i n u t e s  

120 

Figs. z and  2. D i a p h r a g m s  were i ncuba t ed  a t  37 ~) unde r  con t inuous  o x y g e n a t i o n  in 3o ml Krebs-  
Hense le i t  p h o s p h a t e  buffer, p H  7.4. P r e - incuba t ions  in glucose-free buffer for 15 min  pr ior  to the  
e x p e r i m e n t a l  per iod  were per formed  in order  to p e r m i t  u t i l i z a t i on  of the  glucose r e m a i n i n g  in the  
t i s sue  fol lowing i ts  excision.  Concen t ra t ion  of the  va r ious  subs t ances  used were : AIB,  3.2. ] o .5 M ; 
glucose, o.ot  M ; insul in  ( I le t in-Li l ly) ,  0. 4 u n i t s / m l  i n c u b a t i o n  medium.  Al iquo t s  of t i s sue  ex t rac t ,  
p repa red  by  g r ind ing  the  t i s sue  in io  vol. o.oo8 114 ace t ic  acid, and  of i ncuba t i on  medium,  d i lu ted  
wi th  equa l  vol. IO % egg a lbumin ,  were p la ted ,  dried,  and  a s sayed  With a gas-flow p ropor t iona l  
counter ,  All resu l t s  were correc ted  to  infini te  th inness .  C o u n t s / m i n / m l  in t r ace l lu l a r  w a t e r  were 
ca lcu la ted  by  s u b t r a c t i n g  the  r a d i o a c t i v i t y  co r respond ing  to the  ex t r ace l l u l a r  vo lume  from the  
t o t a l  t i s sue -wa te r  content .  • insul in  added,  ~k glucose and  insul in  added,  :'x glucose added,  

O ne i the r  insu l in  nor  glucose added .  

* Suppor t ed  by  a research  g r a n t  (No. A- I92I )  f rom the  N a t i o n a l  I n s t i t u t e  of Ar th r i t i s  and  
Metabol ic  Diseases,  N a t i o n a l  I n s t i t u t e s  of Hea l th ,  Be thesda ,  Md. 
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of incubat ion  were not  long enough for the a t t a i n m e n t  of a cons tan t  rat io of concentra t ions  (intra- 
cellular/extracellular),  the effect of 4nsulin and  fast ing on the final equil ibr ium could not  be- 
determined.  

These resul ts  indicate t ha t  fu ture  concepts  of insulin action m u s t  be broadened to include the  
s t imula t ion  of bo th  sugar  and amino acid penetra t ion.  F u r t h e r  studies of amino acid penet ra t ion  
and  intracel lular-concentrat ing processes and the influence of d ie tary  and hormona l  factors 
thereon are current ly  in progress.  
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Cytochrome reactions in C h r o m a t i u m  

Spect rophotometr ic  invest igat ions 1,2 of Rhodospirillum rubrum have indicated t ha t  cytochromes 
are involved in electron t r a n s p o r t  dur ing bacterial  photosynthes is .  The present  s tudy  of the purple 
sulfur bac te r ium Chromatium, s t ra in  D, subs tan t i a tes  this concept. 

The bacteria  were grown at  29 ° under  anaerobic condit ions in a liquid inorganic medium 
containing sulfide, thiosulfate,  and b icarbonate  as substrates .  Tungs ten  lamps furnished illumina- 
tion. The bacterial  cul tures were examined after  mos t  of the sulfur  had disappeared f rom the 
cells. A double-beam spec t rophotomete r  s was used to record absorpt ion  changes upon  irradiation 
of a sample wi th  near infrared (~ ~ 700 mff) light; a spl i t -beam spec t rophotometer  4 was  used to 
obta in  the difference spectra  of pairs  of samples  in the dark. 
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Fig. I. Absorp t ion-spec t rum changes upon irradiat ion under  
anaerobic conditions. The t rough  locations are 423, 524, 
and 553 mff. The ratio (AD42s--zJD44o)/(AD55s--ADs~o) 
is approx imate ly  4.5- Two different cul tures were used for 

the two spectral  intervals  shown. 
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Fig. 2. Kinetics of the anaerobic 
light effect. The change in absorp-  
t ion at 422 mff minus the change 

at 47 ° mff has been recorded. 

When  anaerobic suspensions were i rradiated with near infrared, the change in absorp t ion  
spec t rum for the region 39o to 58o mff indicated the oxidation of cy tochrome (Fig. I). The kinetics 
of the  l ight-on t ransi t ion were diphasic, and the kinetics of the light-off t rans i t ion  were tr iphasic 
(Fig. 2). The differences between the  spect ra  of these var ious phases  showed tha t  more than one 
cytochrome species was involved in the tota l  l ight reaction. 


